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ABSTRACT. The confinement tim in the Scyllac Sector Feedback Experiment has

been ●xtended with a pre-progremmd equilibrium compensation forse. Zhis

force was produced by driving a current with a flexible wavefonl in an addi-

tional set of E = 2 windings.

I. INTRODUCTION. Scyllac feedback exper~mmts have been perfomnedon a 1.20”

sector of the 4 M+najotiradius toroidal thetapinch. Plasma parameters for

the present set of experiments are the same as preciously reported. [1] The

configuration of the initial CHschargehas been altered from that of [1] to

eliminate the helical oscillacions of the plasma colwm. lhis has been accom-

plished by the use of a helical discharge tube which perdts the iaitial im-

plosion to create the plasma COIUUU in the helical configuration which it

would otherwise dynamically approach in time.[2] Tbe I = O,1 sector, which

ts shown schematically in Pig. 1, has 13 wavelengths of the equilibrhm fields

with a 5 position feedback sensor system which locally drives the 1 = 2 feed-

back wildiuge to stabillze the long wavelength, m-l testability.[3] An addi-

tional progr~le force system using an additional set of f = 2 wlndinge is

incorporated to allow for optimizationof the equilibrium.

II. SECTOR END EFFECTS. Since the plasma behavior in the end regions of the

sectoris characterizedby lark displacements and accelerations, confinement

tim limitation due to the propagationof W1 waves from the end regionsto

the centerof the systemhea been investigated.[4] The calculatedtrajectory

of the plasma coluum has been compared to the measured change in column



tr~eccory at several positions along the sector when a step fmction force

is applied to wavelength 10. The wamured and calculated trajectog ac the

locatlou of position detector No. 3 are shmn In Fig. 2, and illustrate that

the pwpagation of gro.se-colum wxion disturbances is ●t approrlmately the

Al*n vdocity in agreement with the sharp b~dary theory.

III. EQUILIBRIUMSTUDI~. Analysiaof colum trajectories IF the plane of

the torus has indicat~d the ne~d for a tieprogr~d force, in ●ddition to

the feedback fores, to cotmteract a equilibrium force i~alance. Factors

which fnfl~nce the obsened ●quilibrium force imbalance are (a] transients

In the toroidel ●quilibri~ form, Fl ,0 due to R = O shape oscillations of

the phsms colum, [5] (b) the diffuse radial profile oi the experimt which

nduces tie FI ,0 force from the sharp boundary desi~ value, [6J (c) sector

●nd effects Propagating into the center of the system, and (d) decreases sf 6

due to, for ●xample, loss of particles from sadial diffusicm which, for the

T@ = 100-eV Scyllac plasma. can cause a 10% drop in 8

classical effects aione.

The progrmmmd equilibrium compensation force is

in 11 us baaed

generated with

on

a Weibel-

Jcmes-type circuic driving ~ - 2 trimming coils womd on top of the I = 2

feedback coils. Plasma trajectories and R “ 2 trimming fields for two dis-

charges are shwn in Fig. 3. A mall change in the amplitude of the trimming

form is obserwmd to drastically alter the trajectory. The relationship be-

Men the applied force and the obsemed motim cm be interpreted usiag sharp

b-dary theom in tem of an ●ffnctive plaama’~, whit!!is - 1/2 of the B

cm ada determined fran tlm plasma diemagetism and luminosity profile. This

cat ●t laut partly be attrlbut~d to diffuse profile effects.
. .

Iv. PKEDBACKSTABILIZATION RESULTS. The feedback system for stabilization

of tha WI long wavelength hea been operated with the plasma column he:d near
----- --- . —---

its equilibrium position by tha cri=lng system. An improvement in



confinement t%ms to 40-50 IJSis shown“inthe streakphotographof Fig. 4,

where the colunm is obserw=lto remaincenteredin the dischargetube for

any instability gpwth &imes with feedback stabilization applied. lhe feed-

back systemcan gemeratefarceson the a=derof 0.2 of the toroidalequilfb-

zitm force and baa ● risetk of 0.4 timesthr instabilitygrcx”~time. I!he

feedback system is arrangedin 5 Indepemdenc arraysalong che lengthof the 13

wavelength,120* sectorfor ●ach of the orthogonaltrasverse coordin.:cs.

v. ~ . 1,2 ~~~fioNo The Scyllac feedback sector has been converted to

= 1 = 1,2 equilibri~ configuration to eliminate trauaient effects on the tor-

oidal force balance due to the 2 = O field and provide a lees B-dependent

equilibrium. The helical shape of the plasma colutrmhas been increased to a

“*lical radiusof - 3.0 cmtc minimizethe growth rate of the m-l instability

and I.acreasethe effectivexiess of the feedback stabilization. The sector has

been Iengchened by 40% to en arc length of 168” to increase the time before

end effects influence the plasma behavior. me feedback system for the 2 = 1,2

sector includes the capability of dziving each wavelength with an individual.

signalwhich represents the sum of the required feedback forces at that loca-

tion for all unstable modes.

REFERENCES

[1] E. L. Cantrell,~. ~., Seventh European Conference on ControUed Fusion

and Plasma ~ySiCS (1975, Vol. 1, p. 48.

[2] ~. Fkmfer, M Zaufmam, J. Neuhauser,G. Schram, Seventh European Conf.

on Controlled Fusion and Plasma Physics, Vol. 11, p. 351.

[3] F. L. Ribe and W N. Rosenbluth, Phys. Fluids Q, 2572 (1970).
.

[4] E. L. Cantrell, ~. al, submitted to NuclearFusim.

[S1 C. Miller, to be published, Physics of Fluids.

[6] D. C. Barnesand J. U. Brackbill, to be published, Nuclear Science and

Engineering.



L I

,, .-i
7.s 10.0 12.s Is o t? s zoo

rlmc (#s)

FIGURE 1- LAYOUT OF THE X=1*O FIGURE 2- THE PLASMA

SCYLLAC FEEDBA,CK SECTOR COLUMN TRAJECTORY CHANGE

DUE TO A STEP FUNCTION

4-2 FORCE APPLIED 220cfn
FROM THE DETECTOR
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FIGURE 3- PLASMA DISPLACEMENT FIGURE 4- STREAK PHOTOGRAPHS

VERSES TIME FOR TWO DIFFERENT WITH ANO WITHOUT 2-2

AMPLITUDES FOR THE X=2 EQUILIBRIUM FEEDBACK STABILIZATION

CORRECTION FIELD


